Feature overlap slows lexical selection: Evidence from the picture-word interference paradigm A core assumption of all contemporary models of speech production is that when we speak, we select words from a range of lexical candidates. Is the mechanism for selecting among these candidates a competitive process that continues until a target word is chosen, or is it instead more akin to a 'horse race' in which the first candidate to pass a pre-determined threshold 'wins'? After 40 years of psycholinguistic research involving empirical studies and computational simulations of lexical access in speech production, this question continues to dominate the literature (e.g., Abdel Rahman & Melinger, 2009; Levelt, Roleofs, & Meyer, 1999; Mahon, Costa, Peterson, Vargas, & Caramazza, 2007; Oppenheim, Dell, & Schwartz, 2010 ).
In the picture-word interference (PWI) paradigm, participants name target pictures while ignoring superimposed distractor words (Rosinski, Golinkoff, & Kukish, 1975) . Slower naming latencies are reported typically when distractors (e.g., wolf) are category coordinates of the target picture (e.g., DOG) compared to unrelated words (e.g., lamp), an effect termed semantic interference (SI: La Heij & van den Hof, 1995; Levelt, et al., 1999; Levelt et al., 1991; Schriefers, Meyer, & Levelt, 1990 ). The interference effect has been interpreted as evidence supporting a competitive lexical selection mechanism in some spoken word production models (Levelt, et al., 1999; Abdel Rahman & Melinger, 2009 ). However, non-competitive lexical selection mechanisms have also been proposed to explain the effect (Caramazza, 1997; Dell & O'Seaghdha, 1991; Mahon, Costa, Peterson, Vargas, & Caramazza, 2007) .
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The lexical selection by competition (LSC) account assumes that the time taken to name a target picture is a function of the number of activated lexical candidates and their activation levels. For instance, if the target concept 'HORSE' is activated, related animal concepts such as pony, cow etc. also become activated, and this activation spreads to their lexical representations. According to the LSC account, the interference effect is due to the related distractor word increasing the lexical activation level of a competitor already activated by the target picture. By contrast, an unrelated distractor strengthens a lexical candidate that was not activated by the picture. The slower target naming latency for the related distractor condition thus reflects the additional time taken to resolve the competition between the highly activated non-target and target candidates.
Recent PWI experiments have shown that not all semantic relationships induce interference. Costa, Alario and Caramazza (2005) demonstrated semantic facilitation with distractor words that share a 'has-a' or 'part-whole' relationship with the target picture, e.g. bumper-CAR. In two PWI experiments with different stimuli that manipulated the semantic distance of within-category target-distractor relations, Mahon et al. (2007) showed facilitation of target naming latencies (e.g., HORSE) for semantically 'close' distractors (e.g., zebra) compared to semantically 'far' distractors (e.g., whale). The semantic distance manipulation employed by Mahon et al. (2007;  Experiment 7) reflected the extent to which distractor words share conceptual features with target picture names, determined empirically via feature generation norms (McRae, Cree, Seidenberg, & McNorgan, 2005) . Mahon et al. (2007) argue that part and semantically close distractors should have higher conceptual-lexical activation levels due to sharing features with the target and thus be stronger competitors. Therefore, they interpreted their results as evidence contrary to a LSC mechanism, and contrary to a lexical locus for interference effects. They proposed an alternative response exclusion (RE) account in which semantic relations induce conceptual priming, with interference instead reflecting whether distractors are potentially relevant responses that need to be cleared from an articulatory output buffer by a postlexical decision mechanism.
In order to reconcile the above reports of semantic facilitation effects with the operation of a competitive lexical selection mechanism, Abdel Rahman and Melinger (2009) proposed their swinging lexical network model. In this account, all distractors semantically related to the target induce both conceptual priming and lexical competition. According to this explanation, unless a cohort of lexical competitors is activated via converging activation of the conceptual features shared within a category, the net result is facilitation. When a cohort is activated, this one-to-many competition within the lexical network changes the net result to interference. As distractors that are parts of whole objects do not spread activation to other related concepts, they produce one-to-one rather than one-to-many competition, and the net result is facilitation. According to Abdel Rahman and Melinger (2009) , semantic distance effects are attributable to stronger priming at the conceptual level coupled with activation of a narrower category cohort for semantically close target-distractor pairings (e.g., HORSE and zebra will activate only members of the equine category), contrasted with weaker priming and activation of a larger cohort of competitors for semantically far distractors (e.g., HORSE and whale will activate members of the broader category of animals).
Although both the RE and swinging lexical network (SLN) accounts provide explanations for why semantically far distractors might produce stronger interference effects, it is worth noting that at least one study has reported the opposite effect, i.e., The two studies also differed in terms of item repetition, a factor known to reduce the magnitude of the interference effect in PWI experiments (e.g., Caramazza & Costa, 2001; La Heij & van den Hof, 1995) . As Caramazza and Costa (2001) noted, repetition can "affect response strategies, response learning, the ability to ignore distractors for a given picture, and so on" (p. 218). Repetition might also have a moderating influence on semantic distance effects in PWI, such that close distractortarget pairings are affected more as they share more features. Repetition priming in production is proposed to arise from changes in the strength of the connections between conceptual and lexical representations (e.g., Wheeldon & Monsell, 1992 In this study, we report two PWI experiments investigating effects of shared distractor features in categorical relations. Experiment 1 was a direct replication of Mahon et al's (2007) Experiment 7 using near-identical materials derived from feature production norms (McRae, et al., 2005) , and included repetition as a factor in the analyses. Experiment 2 investigated the potential graded nature of semantic distance effects within-category over five levels, and employed a within-participant design (c.f., Vigliocco et al. 2004 ). The materials used were based on the same feature production norms per Experiment 1. Additionally, Experiment 2 included the same target-distractor pairings as Experiment 1, affording an opportunity for replication.
Experiment 1 Participants
Participants were 48 students enrolled in first-year psychology courses at the University of Queensland. All were native English speakers. Each participant gave informed consent in accordance with the protocol approved by the Behavioural and Social Sciences Ethical Review Committee of the University of Queensland and was compensated with course credit.
Design
We used the same 3x3x3 mixed design as Mahon et al. (2007; Experiment 7) : the independent variables were semantic distance (semantically close vs. far vs. unrelated), SOA (-160ms, 0ms, +160ms) and presentation (first, second or third Feature overlap in PWI 7 presentation). Semantic distance and presentation were varied within-participants, while SOA was varied between-participants. semantically close distractor and 'raccoon' as semantically far distractor. 18 unrelated distractor words were used twice so as to match the targets and distractors paired this way. In order to reduce the number of related trials to 50%, each target picture was paired with an additional unrelated distractor word that did not correspond to any item in the experiment. Following Mahon et al., the data from this filler condition were excluded from all analyses. Pictures were black-and-white line drawings, the majority of which were selected from normative picture databases (Bonin, Peereman, Malardier, Meot, & Chalard, 2003; Cycowicz, Friedman, & Rothstein, 1997; Szekely et al., 2004) with remaining items from the internet. Four randomisation lists were prepared using a Latin square design following Mahon et al. (2007) . Within a single presentation there were 4 blocks of target distractor pairs, organised such that an equal number of stimuli were presented from each condition. A single presentation Due to their low frequency errors were not subjected to further analysis. Mean naming latencies and 95% confidence intervals (CIs; see Cumming, 2008) , in addition to error rates are reported in Table 1 . employing an identical sample size, near-identical materials and identical procedure, yet consistent with the direction of the effect reported by Vigliocco et al. (2004;  Experiment 3). Thus, our failure to replicate the semantic facilitation effect reported by the former authors is not a null result, as we instead observed a significant interference effect with a medium effect size (cf. Mahon et al, 2007) . Consistent with previous work (e.g., Damian & Martin, 1999; Starreveld & La Heij, 1996) , this interference effect was greatest at -160ms followed by 0ms SOAs. Note that the CIs provided in Table 1 give some useful information to predict a replication mean (Cumming, 2008) .
Materials
-----Insert
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Although repetition has been reported to reduce or eliminate the interference effect (e.g., Caramazza & Costa, 2001; La Heij & van den Hof, 1995) , the two factors did not interact in the present experiment. However, there was some evidence of an overall decrease in naming latencies from the first to subsequent presentations, Table 2 ).
-----Insert Table 2 about here-----Five randomization lists were prepared. Distractor words from each category were divided into five sequential blocks. Target pictures were also divided into five sets, so that an equal number of target-distractor pairs from each semantic category would appear in each block and each target picture would appear once in each block. Items in a block within each list were presented to participants in a pseudorandom order with the restriction that no adjacent pictures were identical. Each distractor word was used twice (with the exception of fox that was paired four times with different pictures due to a clerical error; as the results reported below did not differ when this item was removed from analyses, it was retained) and distractor words never appeared as targets, and vice versa. In order to reduce the number of related trials in the experiment to approximately 50 percent, 4 unrelated filler words (concrete nouns) were also selected to pair with each target picture, resulting in 144 filler trials per list. The data from this filler condition were excluded from all analyses following Mahon et al. (2007) and Vigliocco et al. (2004) .
Procedure
Following Vigliocco et al. (2004; Experiment 3) , there were three phases in the procedure: familiarization, practice and experimental. In the familiarization phase, participants were asked to name the pictures aloud in order to ensure that each picture had high name agreement. In the practice phase, participants practiced naming all the pictures in the experimental conditions, embedded in a PWI paradigm, once in random order. Distractor words used in this phase were not from the experiment, and were all unrelated to the target picture. The experimental trial presentation was identical to the -160ms SOA condition of Experiment 1.
Results and Discussion
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Datasets from ten participants were excluded due to >15% of experimental (i.e., non-filler) trials comprising omissions, non-speech sounds triggering the voice key, due to incorrect microphone settings. Results reported below are therefore from a final sample of 54 participants. Trials involving speech errors (1.3%), and trials on which the voice key failed to detect a response were excluded (.1%), as were latencies below 250 ms or above 2000 ms. Latencies deviating more than 2.5 standard deviations from within-participant, within-condition means were excluded from analysis (7.04%). Errors were classified identically to Experiment 1. Due to the low frequency of errors, they were not subjected to analysis. Mean naming latencies and 95% CIs are reported in Table 3 , in addition to error rates.
-----Insert Table 3 suggests this trend is largely due to mean naming latencies differing between the very close compared to far conditions, with similar mean naming latencies across the intervening levels of semantic distance. Therefore, we ran a final analysis excluding the data from the very close and unrelated conditions. In this analysis, there was no evidence of a significant linear trend by participants Table 4 . There was a significant main effect of semantic distance by participants -----Insert Table 4 There was also evidence of a similar trend when the data were limited to the withincategory semantic distance conditions, although this was primarily due to differences in latencies between the very close and far conditions. In addition, we replicated the results from Experiment 1 using the Mahon et al. (2007; Experiment 7) stimuli:
semantically close distractors produced greater interference compared to far and unrelated distractors, not facilitation.
General Discussion
The finding that picture naming is facilitated as categorically related distractor words become semantically closer to the target concept in PWI has been integral to the development of novel accounts of the mechanisms involved in spoken word production (e.g., Abdel Rahman & Melinger, 2009; Mahon et al., 2007) .
In two experiments, we tested whether the interference effect was sensitive to graded Feature overlap in PWI 20 manipulations of within-category semantic distance based on feature production norms. In addition, we aimed to determine whether these facilitation effects might reflect a moderating influence of item repetition on semantic distance (Experiment 1).
Overall, our findings do not provide empirical support for the proposal that as distractor words become semantically closer to the target concepts -all else being equal -target naming is facilitated in PWI.
We obtained greater interference for within-category semantically close distractors compared to semantically far distractors using materials derived from feature-production norms (McRae et al., 2005) . The first interpretation suggested by these findings is that facilitation for within-category semantically close distractors might not be a reproducible phenomenon; although it is possible the discrepancy could be attributable to minor procedural differences (e.g., the pictures and experimental lists used). The second interpretation, based primarily on the reproducible results from our experiments, is that the magnitude of the interference effect is a function of the number of overlapping conceptual features between categorically related distractors and target pictures. This latter interpretation is consistent with the assumption of competitive lexical selection implemented in prominent speech production models (Levelt, et al., 1999; Roelofs, 1992; Starreveld & La Heij, 1995 , 1996 .
Our finding that target picture naming is slowed as distractor words become semantically closer to the target concepts -all else being equal -is not consistent with the assumptions of existing non-competitive models of lexical selection (e.g., Caramazza, 1997; Dell & O'Seaghdha, 1991; Mahon et al., 2007) and is likewise difficult to reconcile with Abdel Rahman and Melinger's (2009) proposed swinging lexical network modification to the competitive selection account. In non-competitive selection accounts, the ease with which a target lexical node is selected depends solely on its own level of activation, irrespective of the activation of non-target lexical nodes. Thus, these accounts predict semantic priming as feature overlap increases between distractor and target concepts. The swinging lexical network account similarly proposes that semantic priming will outweigh competition for semantically close distractor-target pairings in PWI as they elicit a smaller lexical cohort. Recently, the cohort activation proposal has also been challenged by Bormann (2011) who found no difference in the magnitude of the interference effect when distractor-target pairings were selected from large and small semantic categories, respectively.
Other findings supporting Mahon et al.'s (2007) post-lexical response exclusion account of PWI have likewise not been reproduced consistently. For example, Janssen, Schirm, Mahon, and Caramazza (2008) reported a semantic interference effect in delayed naming using a novel task-switching version of the PWI paradigm. Subsequent attempts to demonstrate similar interference were unsuccessful (Galak, 2012; Madebach, Oppermann, Hantsch, Curda, & Jescheniak, 2011; Piai, Roelofs, & Schriefers, 2011) . Finkbeiner and Caramazza (2006) reported the interference effect reversed polarity to facilitation when semantically related distractors were masked in PWI, a finding reproduced by Dhooge and Hartsuiker (2010) . However, other attempts to reproduce the polarity reversal with masked distractors were less successful (Piai, Roelofs, & Schriefers, 2012 , Spalek & Damian, 2013 .
It is worth noting that Mahon et al.'s (2007) response exclusion account of PWI could be modified to explain the current findings of greater interference for semantically close distractors if it is assumed that (1) response-level representations index their corresponding conceptual representations and (2) that the criteria for Feature overlap in PWI 22 response relevance reflect both the goal of the intended utterance and the relationship of conceptual input to that goal. According to this revised account, the post-lexical decision mechanism would take longer to exclude the more relevant distractor. In fact, Navarrete and Mahon (2013; see also Mädebach & Hantsch, 2013) appear to have already proposed such a revised account. However, as Mädebach and Hantsch (2013) noted, adopting this modification would first involve abandoning Mahon et al.'s (2007) proposal that conceptual feature overlap does not constitute a responserelevant criterion. One way of implementing this modification would be to adopt Dhooge and Hartsuiker's (2010) proposal that the operation of the decision mechanism is subserved by the verbal self-monitoring system. Monitoring for feature overlap/conceptual relevance within-category could then be construed as a function of the conceptual loop proposed by Levelt (1989) .
Although semantically-close distractor-target pairings that shared a considerable number of features showed greater interference than semantically far pairings that shared fewer features, we were unable to obtain reliable evidence of a graded effect of semantic distance within-category over five and four levels (Experiment 2), although there was some evidence for a linear trend in naming latencies when unrelated pairings were included in analyses. This latter finding may be viewed as consistent with the results reported by Vigliocco et al. (2004;  Experiment 3), whose medium and far distance conditions involved 75% and 100% of distractor-target pairings from different semantic categories, respectively. The likelihood of obtaining graded effects within-category over multiple levels of semantic distance is restricted by the range of features shared by exemplars of different categories, and the relative importance of each feature in contributing to target concept identification (i.e., distinguishing features). Associative and other relations between exemplars are also likely to complicate observed effects (e.g., La Heij et al., 1990) . Thus, within-category semantic distance effects might only be observable in PWI experiments when the number of shared features differs considerably between levels, and this will necessarily limit the number of levels able to be employed.
Finally, previous work has demonstrated that repetition reduces the semantic interference effect in PWI experiments (e.g., La Heij & van den Hof, 1995) . However, this was not the case in Experiment 1, in which naming latencies were faster on subsequent presentations irrespective of distractor condition. A possible explanation for this discrepancy is that previous work involved a smaller number of target pictures (< 20) and many repetitions (> 3). Experiment 1 entailed a relatively large set of pictures (36) (for further discussion on potential interactions between response set size and repetition in PWI, see Caramazza & Costa, 2000 , 2001 Roelofs, 2001 ).
In summary, our findings do not provide empirical support for the proposal that as distractor words become semantically closer to the target concepts -all else being equal -target naming is facilitated in PWI (cf. Mahon et al., 2007) . Thus, this proposal might not reflect a reproducible phenomenon with respect to the PWI paradigm. Instead, our findings indicate that the interference effect increases when the number of conceptual features shared between categorically related distractors and target pictures is incremented considerably. This finding is consistent with the assumptions of prominent lexical selection by competition accounts of the semantic interference effect in the PWI paradigm (e.g., Levelt et al., 1999; Roelofs, 1992; Starreveld & La Heij, 1995 , 1996 .
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Appendix A. 
